We report on the initial measurements of the angle γ and the sum of angles 2β + γ of the Unitarity Triangle. When compared with indirect information on the value of γ from other measurements of CKM parameters, the measurement of these angles will provide a precise test of Standard Model predictions, as statistics increase. There are several methods for directly measuring γ and 2β + γ. We report on the status of each of these techniques, and the resulting constraints on the values of these angles.
Introduction
The comparison of measurements of the angles and sides of the Unitarity Triangle provides a test of the Standard Model, in which CP -violation is solely due to a single complex phase in V , the Cabbibo-Kobayashi-Maskawa (CKM) quark mixing matrix. The angle γ ≡ arg[−V cd V * cb /V ud V * ub ] is considered to be the most difficult to measure of the three Unitarity Triangle angles. The difficulty is due to the fact that the interference terms that provide the sensitivity to γ tend to be small, due to small branching fractions, lower reconstruction efficiencies than with typical charmonium or charmless B decays, and relevant magnitudes of interfering amplitudes that are far from equal.
Nevertheless, there exist several techniques for directly measuring γ and 2β + γ. These techniques can be divided into three classes: those that use a time-independent CP asymmetry between color-allowed B → D 0 K and color-suppressed B → D 0 K amplitudes to directly measure γ, which is the relative weak phase between these amplitudes; those that use a timedependent asymmetry between favored and suppressed B → Dπ or B → D 0 K 0 amplitudes; and a third type of technique, which uses a combination of time-dependent and time-independent asymmetries and branching fractions in B → D | and the strong phase difference between the two amplitudes δ B . Naturally, the larger the interference, i.e. the closer r B is to 1, the better the constraint will be on the value of γ for a given dataset.
The original technique for measuring γ, the Gronau-London-Wyler (GLW) method, uses an asymmetry between
. There are 4 observables: [6] . There are two observables:
is constrained to the experimental value of 0.060 ± 0.003 [7] . The values of r B and δ B are equal to those from the GLW analysis described above. One is left with the two theoretical unknowns δ D and γ, which can in principle be determined from the two experimental observables.
Similar to the GLW analysis, the ADS analysis is theoretically clean but suffers from highly suppressed decay rates into the relevant final states. Using a sample of 227 × 10 6 BB events, BABAR reconstructs 4.7 [8] . No significant signal is seen for any of these channels. Belle reconstructs 14.7±7.6 events in the first of these channels, also not significant [9] . Using these values, BABAR constrains R ADS from B − → D 0 K − channel to be less than 0.030 at 90% confidence level (c.l.). From this result, and allowing any value of δ D and γ, one can • < γ < 73
• , and the hatched region allows any value of γ. BABAR constrains r B < 0.23 at 90% c.l. [8] constrain r B to be less than 0.23 at 90% c.l. as shown in Fig. 3 (right) . Belle similarly constrains R ADS < 0.047 and r B < 0.28, both at 90% c.l. However, similar to the GLW analysis, more statistics are needed to constrain γ from the ADS method.
A Fig. 4 [11, 12] .
Once δ D and r D are known, one can then observe the exclusive channels to constrain r B , δ B , and γ. Using a sample of 211 × 10 6 BB events, BABAR reconstructs 261 ± 19 events in the As noted above, the uncertainty on the value of γ for each of the time-independent techniques strongly depends on the value of r B ; a larger value of this parameter implies a larger D 0 K-D 0 K interference term, thus a smaller uncertainty on the measured value of γ. In each of the three analyses above, Belle reports a larger central value of r B than BABAR. In the case of the GLW and Dalitz analyses, Belle's central values both are greater than the 90% c.l. upper limits on r B placed by BABAR. While none of the inconsistencies are, by themselves, statistically significant, it is unclear why this trend has so far occured in each of the above analyses.
For the Dalitz analysis, Belle reports r B = 0.21±0.08±0.03±0.04, δ B = (64±19±13±11)
• , and γ = (64 ± 19 ± 13 ± 11)
• . The smaller uncertainty on γ, as compared with the BABAR analysis, is due to the apparent larger central value of r B that Belle reconstructs. (This value has in fact declined from Belle's previous measurement of r B = 0.26
−0.14 ± 0.03 ± 0.04, using an earlier sample of 140 fb −1 of data [13] . The declining value of r B appears to explain why, after increasing their data sample by over a factor of two, Belle's uncertainty on γ has actually increased slightly.) respectively [21] .
using partial reconstruction [18] , both on a sample of 152 × 10 6 BB events. BABAR obtains constraints on the value of | sin(2β +γ)| from the partial reconstruction method: | sin(2β +γ)| > 0.75 at 68% c.l. and > 0.58 at 90% c.l., resulting in constraints on the ρ − η plane as shown in [19] . The sensitivity to sin(2β + γ) from these decays is given by the value of
. BABAR obtains the following branching fractions [20] :
but obtains just a limit on the numerator of r:
Similarly, Belle obtains [21] : • ) phase ambiguity for each range. The constraints disappear for larger confidence levels, however the BABAR measurements used for these constraints were obtained on on a sample of only 88 × 10 6 BB events and thus can be significantly improved.
Conclusions
Although the angle γ is the most difficult to measure of the Unitarity Triangle angles at the B-Factories, surprising progress has been made in constraining it over the past few years. We now have initial measurements of the values of both γ and sin(2β + γ) from multiple channels, and have progressed toward precision measurements of this angle, which appear poised to have errors below ±10 • prior to physics at the LHC. These precision measurements of γ are a critical test for the consistency of the Standard Model mixing sector.
